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SECTION 10
INTRODUCTION

This addendum to the Exposure Scenanos Technical Memorandum No 2 (TM 2) for the Human
Health Risk Assessment (HHRA) at Rocky Flats Environmental Technology Site (the Site)
Operable Uit No 3 (OU 3) supplements the Apnl 1993 draft of TM 2 (DOE, 1993a) Revisions
have been made based on comments from the Environmental Protection Agency Region VIl
(EPA) and the Colorado Department of Public Health and Environment {CDPHE) and new
information tncluding that from the process of identifying Chemicals of Concern (COCs) (DOE,
1994a) and Areas of Concern (AOCs) (DOE 1994b) Responses to EPA and CDPHE comments
on the draft version of TM 2 are included as an attachment to thus addendum

This addendum identifies potentially complete exposure pathways land uses, and human
receptors at OU 3 and presents the exposure parameters for estimating central tendency (CT)
and reasonable maximum exposures (RME) This addendum in conjunction with the draft
Exposure Scenanos Technical Memorandum (Apnl 1993 TM 2) meets the requirements of

Section Vil D of the Interagency Agreement (IAG 1991)

DEN100171C5 WPS 03/10/95/1 18pm
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SECTION 20
CHRONOLOGY OF THE EVALUATION OF
EXPOSURE SCENARIOS AT OU 3

The identification of axposure scenarios has evolved through several evaiuation phases. The first
evaluation of the exposure scenarios in OU 3 is found in the Past Remedy Risk Assassment Report
(DOE, 1991a) and in the Historical information Summary and Preliminary Rigk Assessment (DOE,
1991b) The OU 3 RFI/RI Work Plan (DOE, 1992) identifies several priority pathways based on
these two rsports and other avallable information on OU 3 The April 1993 TM 2 further refined the
exposure scenarios using mors recent sampling results, land-use, and demographics information
(DOE, 1993a) Finally, EPA, CDPHE, and DOE intraduced several new evaluation processes to
focus on those data contributing significantly to risk. These processes include the COCs selection
process and the kientification of AOCs (COPHE/EPA/DOE, 1984) Also, information regarding land
use in OU 3 has been updated.

21 1991 OU 3 RISK ASSESBMENT REPORTS

Two risk assessment reports, the Past Remedy Risk Assessment Report (DOE, 1991a) and the
Histonical Information Summary and Preliminary Risk Assessment (DOE, 1991b), both IAG
deliverables, were released to the public in 1991 The primary objectives of these reports were to
evaluate inown data associated with the surface soils (IHSS 199) and the ressrvoirs (IHSSs 200,
201, and 202) Using the available data, a qualitative risk assessment was performed and a generic
quantitative rick assessment was also included. The most significant potential exposure pathway
dentified was resuspension of particulates from surface soll into the atmosphere. However, the
reports concluded the accumuiated data did not meet necessary quality control standards to
support a quantitative baseline risk assessment (BRA) for use in an RFVR! study conducted under
the IAG To collect the necessary data, the RFI/RI Work Plan (DOE, 1992) was developed.

DEN100171C8.WPS 03/10/95/11.40am
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22 OU 3 RFI/RI WORK PLAN
PRIORITY EXPOSURE PATHWAYS

The RFI/RI Work Plan for Operable Unit 3 (DOE, 1992) presented conceptual exposure pathway
models for IHSSs 199 (Soils) 200 (Great Western Reservorr), 201 (Standley Lake) and 202
(Mower Reservoir) The pnmary purpose of the conceptual models was to identify potential
exposure pathways by which existing and future populations may be exposed to contaminants from
the IHSSs

The conceptual models presented in the work plan provide an overview of the potential exposure
pathways and a contaminant source and transport characterization for each environmental medium
Some of these pathways have a higher potential for occurrence and may have greater adverse nsk
impacts than others Exposure pathways included in the conceptual model were identified by
evaluahng potential sources of contaminants and the fate and mobiiity of the contaminant in each
potential source and transport medium

The pnmary exposure pathway identified in the work plan for IHSS 199, from a human health risk
standpoint, was inhalation of soil dispersed to air through wind erosion The secondary pathway
dentified for IHSS 199 was direct ingestion of soil  The remaining pathways were believed to
constitute a negligible risk to human health but were addressed in the work plan to confirm the
conceptual model

The pnmary pathway dentified in the work plan for IHSSs 200, 201, and 202, from a human health
nsk standpoint, was inhalation of reservoir/stream sediments dispersed to air through resuspension
of fugtive dust. The secondary pathways for IHSSs 200, 201, and 202 were direct ingestion of
sediments and surface water The remaining pathways were believed to constitute a negligible risk
to human health but were addressed in the work pian to confirm the conceptual model

2.3 EXPOSURE SCENARIOS T™ 2

Data from the RFI/RI sampling program (conducted in 1992) were used to confirm that the potental
exposure pathways presented in the work plan could exist and could be complete An exposure

DEN100171C6 WPS 03/10/95/11 40am
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scenarios technical memorandum, TM 2, (DOE, 1993a), was released as a draft in April 1993 for
EPA and CDPHE review The scenarios presented in the draft TM2 have been revised based on
information presented in Technical Memorandum No 4 (TM 4) identification of Chemicals of
Concern (DOE, 1994a), the COPHE Conservative Screen Letter Report (DOE, 1994b), and EPA
and CDPHE comments on the draft version of TM 2

24 LAND USE UPDATE

This section contains information that updates Section 3.0, Land Use in the OU 3 Study Area, of
the draft version of TM 2, based on new information regarding the future land use within OU 3

The new nformation impacts potential exposure scenarics for IHSS 199 surface soils and IHSS 200
(Great Western Reservoir)

Currently, land use in significant portions of OU 3 is controlied through zoning limitations and land
use restrictions included in the existing deeds of ownership All locations identified as AOCs in the
CDPHE Conservative Screen Letter Report (DOE, 1994 b) are within areas curently owned by
either the City of Broomfield or Jefferson County and are subject to the City and County zoning
requirements (Note Parceis.D, E, and F on Figure 1 are in the process of being soki to the city of
Westminster) in addition, all AOCs are located within ansas zoned for open space. The City of
Broomfieid, through deeds of awnership (Jefferson Counly, 1964, Jefferson County, 1985a,
Jefterson County, 1985b), controls the use of land surrounding Great Western Reservoir (see
parcels identified as A, B, and C on Figure 1) A small portion of parcel C, located neer the
northeast portion of Great Western Reservolir, is zoned for Planned Unit Development (PUD) and is
not owned by the City of Broomfield. According to the City of Broomfleld (Oglesby, 1995), any uses
of this land wouki have to be compatibie with the overall open space planning and zoning
requiremants of the parcel and would require the submittal of development plans, public hearings
and approval by the Broomfield City Council Additionally, as indicated on Figure 1, Jefferson
County has similar legal authority over the parceis identified as D and E which includes the
Jefferson County Remedy acres (Jefferson County, 1985c¢; Jefferson County, 1885d)

The City of Broomfield and Jefferson County are closely involved in the current and future land use
i1ssues associated with OU 3 This is evidenced by the municipalities’ purchase in 1985 of parcels

DEN100171C6.WPS 03/10/85/11.40am
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A, B, D and E, and their placement of deed restrictions on these lands for the expressed purpose
of hmiting potential exposure to plutonium (Jefferson County 1985a, Jefferson County, 1985b,
Jefferson County, 1985¢, Jefferson County, 1985d)

Parcel C has been owned by the City of Broomfield since 1964 and, with the exception of the area
zoned for PUD 1s zoned for open space use Parcel C does not have specific deed restrictions
because the City of Broomfield 1) is aware of the existence of plutonium contamination, 2) has had
control of the land since before plutonium 1ssues associated with the Site were known, and 3) has
historically maintained effective control by imiting development in that area

Considenng the municipalites zoning and deed restnction actions previously described 1t 1s not
hkely that ether the City of Broomfield or Jefferson County will change their ownership nghts or
plans for open space use of these lands Such changes would require formal legal actions because
of zoning requirements and land use restrictons embodied in the deeds The deeds for parcels A,
B D, and E (Jefferson County, 1985a, Jefferson County, 1985b, Jefferson County, 1985c,
Jefferson County, 1985d) reveal that future use of these parcels is officially restncted to open space
applications such as recreational, and similar uses compatible with the open space planning and
zoning theme According to the deeds, these land use restrictions "shall be perpetual and shall run
with the land * In summary, it is apparent that the City of Broomfield and Jefferson County have
legal authority and have taken responsible stewardship of the areas within OU generally regarded
as being affected by plutomium historically released from the Site

An addtional consideraton with respect to the future use of the lands identified on Figure 1 is the
recent United States Department of the Interior, Fish and Wildlife Service (USFWS) biological
opinion regarding land within parcels D and E (Carison, 1994) As expressed in their opinion,
USFWS recommends that the praine dog habitat on Jefferson County s property (roughly parcels
D and E) is essential and should be “preserved and managed to the fullest extent possible” in
observance of its role in the ecosystem relative to the bald eagle (an endangered species) as well
as the peregrine falcon (Carison, 1994) Thus any future land use activities that affect the prairie
dog popuiation would be incompatible with the USFWS recommendation to protect the bald eagle
and peregnne falcon

DEN100171C6 WPS 03/10/85/11 40am
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Finally, there is a land use issue involving Great Western Reservoir By 1987, the City of
Broomfield may shift from using Great Western Reservoir as its water source to using Carter Lake
and water purchased from the Denver Water Board. Due to the value of the water in Great
Westamn Reservorr and the expense to develop the reservoir for other purposes, the most likely
future scenario for Great Western Reaervoir is undrained. However, the future of Great Westermn
Reservorr is uncertain Although unlikely, the possibility exists that the reservoir may be draned,
the dam and water treatment plan abandoned, and the land employesd for an aiternative use
consistent with the zoning requirements. The potential land uses for a drained Great Westem
Reservoir will also be addressed in the HHRA.

DEN100171CS.WPS
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SECTION30
ASSESSMENT OF EXPOSURE AND RISK

The assessment of exposure and nsk in the HHRA involves a senes of data evaluation steps
(Figure 2)

(1) Companson of the OU 3 data to background concentrations (DOE, 1994a)-Gilberts
Statistics Toolbox/Background Companson

2) Identfication of the COCs (EPA COC Selection Process) and AOCs (CDPHE
Conservative Screen Process) (DOE 1994a, DQE, 1994b)

(3) Identification of the exposure areas in the AOCs—Exposure Assessment

4) Identfication of the potential exposure scenarios for the exposure areas—Exposure
Assessment

(5) Calculation exposure point concentrations—Exposure Assessment
(6) Calculation of risk estmates—Risk Charactenzation

Steps 1 and 2 are described in TM 4 (DOE, 1994a) and the CDPHE Conservative Screen Letter
Report (DOE 1994b) respectively and are summanzed below in Sections 3 1 and 3.2 of this
addendum The identification of exposure areas, Step 3, is included in Section 4 of this addendum
Steps 5 and 6, calculation of exposure point concentrations and nsk estimates, will be presented in
the OU 3 HHRA report.

3 1 CHEMICALS OF CONCERN

For the OU 3 HHRA, exposures will be quantitatvely assessed for COCs identffied in TM 4 (DOE
1994a) Surface soil, sediment, surface water, and groundwater samples were collected during the
field investigation to address the pathways identified 1n the OU 3 conceptual models COCs were

DEN100171C7 WP5S 03/10/95/11 40am
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Table 3-1
OU 3 Chemicals of Concern®

—
—

i

Surface Surface Subsurface Surface

347.XLS

Addendum to Exposure

‘g Scenarios TM 2

IHSS Soil Sediment Sediment Water Groundwater
199 2e240p, NA NA NA NA
Contamination of Soils 2am
200 NA &a240p, - - .
Great Westermn Reservoir
201 NA - - -
Standley Lake
202 NA - - -
Mower Reservoir
Notes

2249y = Plutonium-239/240
'Am = Americium-241
NA = not applicable (IHSS 199 includes surface soil only IHSSs 200-202 include
surface water sediment and groundwater only)
- = No COCs were identified tn TM 4(see DOE 1994a for a presentation of
the COC wdentification process)
*dentification of Chemicals of Concern Technical Memoradnum No 4 for OU 3 (DOE 1994a)

J10/95 7 48 AM
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identified using data from the investigation (DOE, 1994a) COCs are chemicals that, based on
concentration and toxicity, contribute significantly to risks (EPA, 1989a) The COCs were selected
based on guidance agreed upon by EPA, CDPHE, and DOE which is based on Risk Assessment
Guidance for Superfund (EPA, 1989), the Interagency Agreement (IAQ, 1991), and site-spectfic
gwdance (CDPHE/EPA, 1993; DOE, 1893b, CDPHE/EPA/DOE, 1984, and EPA, 1994a)

Plutonium-239/240 (*™“py) and Americium-241 (*'Am) were identified as COCs in IHSS 199
surface soils along with ®**“py in surface sediments of IHSS 200, Great Western Reservoir
(Table 3-1) No other chemicals were identifiead as COCs in OU 3 Exposure scenarios are not
presented for the following media without COCs

. {HSS 200, Great Western Reservoir subsurface sediments, surface water, and
groundwater

. IHSS 201, Stanhdiey Lake surface and subsurface sediments, surface water, and
groundwater

. IHSS 202, Mower Reservoir surface and subsurface sediments and surface water

3.2 AREAS OF CONCERN

For risk assessments conducted at the Site, exposures will be assessed in separate AOCs
(CDPHE/EPA/DOE, 1994). AOCs were identified within OU 3 by following the COPHE
Conservative Screen process, as described in the COPHE Conservative Screen Letter Report
(DOE, 1994b) AOCSs are defined as one or several areas with concentrations above background
(Source Aréas) grouped in spatial proximity whose maximum concentrations exceed a risk-based
concentration (i @ , a concentration that represents a 1 x 10° risk). Three parcels of land in IHSS
199 (Soils Contamnation) and the surface sediments, assuming the reservoir is drained, in IHSS
200 (Great Westarmn Reservoir) were identified as AOCs (see the CDPHE Conservative Screen
Letter Report [DOE, 1994b] for a detailed presentation of the results) The risk drivers were
203py and *'Am in the soils of the Jefferson County Remedy acres and “** Py in the sediments
of Great Western Reservoir This is consistént with TM 4, which identified **** Py and *'Am in

DEN100171C7 WPS
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soils and 2%2“Py in Great Westem Reservoir sediments as COCs (DOE, 1994a) Using the
CDPHE protocol no AOCs were identified in the remaining IHSSs
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SECTION4 0
EXPOSURE SCENARIOS

Exposure scenanos have been refined from TM 2 based on the COCs and the identified AOCs
for the following media

) IHSS 199, Soils Contamination surface soils {Section 4 1)
. IHSS 200, Great Weastern Reservoir surface sediments assuming Great Western
Reservoir 1s drained {Section 4 2)

The components of the exposure scenarios includes

. ldentification of current land uses and charactenzation of future land use
scenanos (Section 2 4)

. {dentsfication of potential receptors based on current and future land use
scenarios {Sections 4 1 and 4 2)

. Refinement of the conceptual site model. The conceptual site model for OU 3
was first included in the Work Plan (DOE, 1992), then updated in TM 2, and has
been further modified to reflect the exposure pathways preseénted in this
addendum (Figure 3)

° identification of exposure areas for the AOCs

. identification of exposure parameter values to be used in estmating the central
tendency (CT) exposure and the reasonable maximum exposure (RME) at OU 3

/\.% DEN100171C8 WPS 03/10/95/1 21pm
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The potential land uses and associated exposure pathways have been identfied for QU 3 based
on COCs and AOCs

Residential Land Use (IHSSs 199 and 200)

° ingestion of surface soil/surface sediment

L Inhalation of particulates

. Dermal contact with surface soil/surface sediment
. External radiation

. Ingestion of fruits and leafy vegetables

Recreational Land Use (IHSSs 199 and 200)

. ingestion of surface soil/surface sediment

. Inhalation of particulates

] Dermal contact with surface soil/surface sediment
] External radiation

Ecological Research Land Use (IHSSs 199 and 200)
. ingestion of surface sail/surface sediment
. Inhalation of particulates
e Dermal contact with surface soil/surface sediment
. External radiation

Commercial/industrial Land Use (IHSSs and 199 and 200)

. ingestion of surface soil/surface sediment

. Inhalation of particulates

. Dermal contact with surface soil/syrface sediment
. External radiation

The most likely land use for IHSSs 199 and 200 1s recreational, and therefore this scenario will
be quantitatively evaluated in the HHRA In addition, the land use associated with the most

DEN100171C8 WPS 03/10/856/1.21pm
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conservative estimates of risk (1 e residential) will also be quantitatively evaluated in the
HHRA The commercialfindustrial worker and ecological researcher scenarios will not be
quantitatively evaluated in the HHRA However 1t 1s assumed risks for those two scenarios will

be less than risks associated with the residential scenario

4 1 EXPOSURE SCENARIOS FOR IHSS 199
SOILS CONTAMINATION

Plutomium-239/240 and 2¢'Am were identified as COCs in IHSS 199 surface soils (DOE

1994a) Exposure will be assessed at the three areas of concern (AOCs) in IHSS 199 identified
just east of Indiana Street in or near the Jefferson County Remedy acres (Figure 4) (DOE
1994b) These AOCs are comprised of one 10 acre soil plot (PT14192) sampled during the
1992 RFI/Rl investigation and two untlled Jefferson County Remedy acres plots (U1A and
U2A the area for each plot i1s approximately 10 acres) collected in 1991

Currently the AOCs in [HSS 199 are unused fields and the land has not been developed for
recreational uses Although 1t 1s possible a current trespasser may be exposed to the surface
soil withuin the AOCs the estimates of risk for future receptors will be much greater than the
occasional trespasser who visits the area once or infrequently throughout the year EPA
defines the reasonable maximum exposure as "the highest exposure that is reasonably
expected to occur at the site " (EPA 1989a) In evaluating future land uses for nsk
assessment consideration was given to whether future activities are likely to be different than
those currently expenienced as well as reasonable potential uses Pertinent information,
including the municipalities’ planning and zoning designs discussed above 1n Section 2 4
coupled with census projections from the Denver Regional Council of Governments (See
Figures 3-1 and 3 2. in TM 2 [DOE 1993a]) all support the assessment that the lands 1dentified
in Figure 1 will be used for open space in the future On this basis a recreational land use
scenario 1s identified as the most hkely future-use RME scenano In addition the residential
scenario will be evaluated in the HHRA for IHSS 199 The residental scenano 1s assumed 1o
resuit in the most conservative nisk estimates for IHSS 199 The commercial/industnal and
ecological research scenarios will not be evaluated quantitatively because it is assumed nsks

from those scenarios will be less than for the residential scenarnio

DEN100171C8 WPS 03/10/98/1 21pm
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4 1 1 Future Recreational Exposure Scenario

Heaith nsks will be evaluated for a hypothetical future receptor participating in recreational
activities within a 50-acre exposure area (CDPHE/EPA/DOE 1994) in the surface soils areas of
concern (PT14192, UTA and U2A) Figure 4 shows one possible exposure area for a
recreational scenario The placement of the exposure areas 1s arbitrary the aggregation of data
for the estimating of nisks will be presented to EPA and CDPHE prior to preparation of the
HHRA The recreational exposure scenario assumes a receptor participates In various
recreational activities in the OU 3 area (hiking, biking, picnicking, etc ) and 1s exposed to
239/240py; and ?*'Am In the surface soils in the AOCs The elements of the recreational exposure

scenario for surface soil in IHSS 199 are described below and are also summarized in Table 4-1

The HHRA will quantitatively assess the following exposure pathways for exposure to an adult

using the exposure area for recreational purposes

. Inadvertent ingestion of surface soil
. Inhalation of airborne soil particulates suspended in air by wind erosion and
recreational activities

° External radiation exposure

4 1 2 Future Residential Exposure Scenario

Health nsks will be evaluated for a hypothetical future resident within a 10-acre exposure area
(CDPHE/EPA/DOE, 1994} in the surface soll AOCs Figure 4 shows one example exposure area
for the residential scenano The placement of the exposure areas 1s arbitrary, the aggregation
of data for the estimating of nsks will be presented to EPA and CDPHE pnor to preparation of
the HHRA The HHRA will quantitatively assess the following exposure pathways for a future

residential adult

U Inadvertent ingestion of surface soil
o inhalation of soil particulates suspended in air by wind erosion

DEN100171C8 WPS 03/1096/1.21pm
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] External radiation exposure
o ingestion of home grown produce

In response to EPA Specific Comment No 3 (Section 4) the HHRA will qualitatively address

dermal contact with surface soils and subsequent absorption of COCs

A potential exposure pathway not addressed for IHSS 199 or IHSS 200 is the consumption of
meat and dairy products from cattle consuming contaminated feed, water or soil This
pathway Is not addressed because it is not a complete pathway The average milk or beef cow
requires 30 to 70 acres per year of rangeland to sustain including supplemental feed (30% of
the diet, more in the winter) (Wyoming Bureau of Land Management, 1994) Using a 10-acre
residential exposure area cattle could not be supported Great Western Reservoir or IHSS 199

could not support a residential land use and a rangeland for feeding several cows

The quantitative values of parameters to be assumed for these scenarios and exposure
pathways are presented in Appendix A attached to this addendum (Tables A-1 through A-4)
Exposure parameters are presented for estimating central tendency (CT) and reasonable
maximum exposure (RME) intake for each potentially complete exposure pathway The
exposure parameters are reasonable estimates of numerous vanables including body weight,
daily inhalation volume daily ingestion rates body surface area, soil or food matnix effects and
the frequency and duration of exposure Exposure point concentrations, determined by
chemical analytical data and fate and transport modeling {(described in the Model Selection

TM 3) will be used with these exposure parameters and equations to obtain pathway-specific
chemical intakes to estimate nisks in the HHRA The aggregation of concentration data from
samples within the exposure areas will be presented to EPA and CDPHE and for inclusion in the
HHRA report

4 2 EXPOSURE SCENARIOS FOR IHSS 200

GREAT WESTERN RESERVOIR SURFACE SEDIMENTS
ASSUMING THE GREAT WESTERN RESERVOIR IS DRAINED

DEN100171C8 WPS 03/10/98/1;:
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Currently the reservor, drainages, and ditches in IHSS 200 have not been devsloped for
residential, industnial, or recreational uses Although it 18 possibie a current trespasser may be
exposed to the shoreline surface sediments within the IHSS 200 AOC, the estmates of risk for
future receptors will be much greater than the occasional trespasser who currently visits the
area once or infrequently throughout the year Therefore, the remaining discussion of the
exposure scenarios refer to hypothetical future exposures

By 1997, the City of Broomfield may shift from using the Great Western Reservoir as 1ts water
source to using Carter Lake and water purchased from the Denver Water Board Anticipating
this action and the potential the reservoir may be drained, a scenario for exposure to 2%24py in
Great Western Reservoir surface sediment was devsioped Great Western Reservorr is
assumed drained for recreational, residential, or commercial/industrial uses, thus, exposing the
surface sediments in the center of the reservoir Water currently acts as a bamner to human
contact and inlubits exposure to humans via suspended particulates in air from wind and other
erosion mechanisms Draining the reservoir would remove this barner, allowing greater contact

with surface sediments by potential receptors

The surface sediments i IHSS 200 include the reservoir surface sediments and the North and
South Wainut Creek drainage sediments {from Indiana Street into the reservoir) An example of
the graphical representation of the exposure areas for the two scénarios that will be
quantitatively evaluated in the HHRA (residential and recreational) 1s shown on Figure 5 The
placement of the example exposure areas within Great Western Reservoir on Figure 5 is based
on maximum plutonium concentrations at known locations; the aggregation of data for the
estimation of nsks will be presented to EPA and CDPHE prior to inclusion i the HHRA

4 2 1 Future Recrestional Exposure Scenario

The recreational expasure scenano assumes a receptor participates in varous recreational
activities in the 50-acre recreational exposure area and is exposed to 2**2*°Py in the surface
sediments within the exposure area All 23*2%py concentratioh data within the exposure ares
will be used to calculate an exposure point concentration (discussed in Section 5 O below)
The HHRA will quantitatively assess the following exposure pathways for an adult receptor:

L Inadvertent ingestion of surface sediment
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. Inhalation of airborne sediment particulates suspended in air by wind erosion

and other recreational activities

L External radiation exposure

The exposure parameters for these exposure pathways are presented in Tables A 1 through A-4
in Appendix A

In response to EPA Specific Comment No 3 (Section 4) the HHRA will qualitatively address

dermal contact with surface sediments and subsequent absorption of COCs

4 2 2 Future Residential Exposure Scenario

The residential exposure scenano assumes a resident hves in the 10-acre residential exposure
area of IHSS 200 and 1s exposed to 2*¥24°Py in the surface sediments within the exposure area
All 2*%29°py concentration data within the exposure area will be used to calculate an exposure
point concentration (discussed in Section 5 O below) The HHRA will quantitatively assess the
following exposure pathways for an adult exposure

L Inadvertent ingestion of reservoir and stream surface sediment

o inhalation of airborne sediment particulates in air suspended by wind erosion

and other activities

. External radiation exposure

o Ingestion of homegrown produce

The exposure parameters for these exposure pathways are presented in Tables A-1 through A-4

in Appendix A
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In response to EPA specific Comment No 3 (Section 4), the HHRA will qualitatively address
dermal contact with surface sediments and subsequent absorption of COCs
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SECTIONS50
ESTIMATING CHEMICAL INTAKES

Chemical intakes are not present in this addendum since they are dependent on exposure point
concentrations determined from chemical data and from fate and transport modeling, as
appropnate Using the exposure point concentrations of the COCs in IHSS 199 soils and IHSS 200
sediments it 1s possible to estimate the potential human intake via each exposure pathway
described in Section 4 Intake parameters for CT exposure and RME condtions are presented in
Appendix A, Tables A-1 through A-4 Intakes are estimated for average CT and RME conditions
The RME is estmated by selecting values for exposure variables so that the combination of all
variables results in the maximum exposure that can reasonably be expected to occur at the site
The CT 1s estimated by selecting average values for exposure vanables

Child intakes are not estimated for any exposure pathway except soil ingestion Exposure to
radionuchde COCs will be assessed for the amount taken into the body and the amount of external

wradiation
51 INTERNAL EXPOSURE TO RADIONUCLIDES

Ingestion or inhalation of radionuclides and their subsequent deposition in receptor tissues or
organs will result in a radiation dose to those systems as well as surrounding systems Internal
exposure to radionuchide COCs (2*2**Pu and *'Am) will be assessed in two ways First, using
conventional "dose assessment” methods, the committed effective dose equivalent (CEDE) based
on intake of radionuclides via ingestion or inhalation will be calculated and compared to radiaton
protection standards. The CEDE is the summation over specified tissues of the products of the
dose equivaient in a tissue or organ and the weighting factor for that issue over a 50-year period
(EPA 1989a) The second method, using conventional "nsk assessment” techniques, involves
calculating the intake of each radionuchide and multiplying the intake by a EPA-derived carcinogenic
slope factor (EPA, 1989a) This calculation results in an estmation of the risk of cancer assoclated
with ingestion or inhalation of a radionuclide Both methods described above are discussed in EPA
guidance (1989a)

DEN100171C9 WP5 03/10/85/11:52am
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Intake of radionuciides by ingestion or inhalation is a function of the radionuclide activity, rate of
intake (or the amount of contaminated medium contacted per unit time or event), and exposure
frequency and duration The intake 1s an estimate of the total intake of a radionuclide, expressed in
units of rachoactivity (Curies [Ci])

The intake of radionuciides for both methods is estimated using the following equation

Intake = C = IR = EF =« ED

Where

intake = internal radionuclide intake via inhalation or ingestion (uCi for dose:
assessment, pCi for risk assessment)

c =  Radionudiide activity at the point of exposure (pCVm®, uCiig, pCi/kg) 7

IR = Medium intake rate (the amount of medium taken into the body per
unit time) (m’/day or g/day)

EF = Exposure frequency (number of days of exposure per year) and,

ED = Exposure duration (1 year for dose assessment, 30 years for risk

assessment)

The intake value i1s then multiplied by elther a dose conversion factor or a carcinogenic siope factor
o estmate committed effecive dose coefficient or carcinogsnic risk, respectively The radiation
dose is & function of the typs of radiation emittsd by the radionuclide. The dose equivalent was
deveioped to normalize the unequal biclogicel effects from the different types of riadliation Because
radiation doses from systematically incomorated radionuclides mey continue long after the intake of
the nuclide has ceased, dosss 1o specific issues and organs from internal radionuclides are |
typically reported in terms of the commitied dose equivalent. The committad dose equivalent to
specific organs as a result of intake of the radicactive material is estimated by multiplying the intake
of each radionuciide by the appropriate dose conversion factor (DCF) The committed dose
equivalents for each radionuciide are then summed to obtain a total committed dose equivailent.
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The dose conversion factor (DCF expressed in units of millirems [mrem] per uCi) 1s used to
estimate the equivalent dose (in mrem per year) which can then be compared to a radiation
protection standard The carcinogenic slope factors for radionuchdes of concern are multiphed by
the estimated radionuciide intake in total pCi (etther inhaled or ingested) to estimate nsk (EPA
1989)

The calculated exposure point concentrations, C will be presented to EPA and CDPHE prior to
inclusion in the HHRA report.

5 2 EXTERNAL IRRADIATION

External exposure to 2Py and #'Am in IHSS 199 soils and Pu-239/240 in IHSS 200 sediments
will be assessed in a similar manner as internal radionuclide exposure (1 e , dose assessment and
nsk assessment) External radiation exposure i1s estmated using the following equaton

ER = C * 10%/kg = SD * D * (1-Se) * Te * ED

Where
ER = External raciation exposure in pCvm?® soil/year
C = Activity concentration of a radionuclide at the point of exposure (pCvg soil
or sediment)
sb = Soil density (kg/m°)
D = Soil depth (m)
Se = Gamma shielding factor (-)

33 DEN100171C9 WPS 03/10/95/11 52am
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Te Gamma exposure time factor ()

ED = Exposure duration (years)

To estmate the EDE for the dose assessment method, radionuclide concentrations on the ground
surface (pClg), will be multiplied by the external dose conversion factor for specific radionuclides
(mrem/yr per uCl/g), and the duration of exposure This will resuit In a estimate of the effective
dose equivalent, which can then be compared to radiation protection standards. For the risk
assessment method, the extarnal radiation exposure will be multiplied by the external exposure

slope factor (risk/yr per pCV/m®) to estimate risk.

Aggregation of data within exposure areas to calculate the exposure point concentration, C, will be
presented to EPA and COPHE prior to inclusion in the HHRA report.
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Response to Comments
Technical Memorandum No 2
Exposure Scenarios
Human Health Risk Assessment
Rocky Fiats Environmental Technology Site, Operable Unit No 3

This comment response addresses the comments that EPA and CDPHE expressed in their
reviews of the draft Exposure Scenarios Technical Memorandum No 2 (TM 2) Operable Unit
3 (OU 3) (dated April 1993) TM 2 identifies the exposure scenarios for assessment in the OU 3
Human Health Risk Assessment (HHRA) The HHRA will be included in the forthcoming
Resource Conservation and Recovery Act (RCRA) Facility Investigation/ Remedial
investigation (RFI/R) Report The attached Addendum to the Exposure Scenarios TM 2 is a
companion document to these responses and should be referred to for additional detail
regarding the exposure scenarios

EPA s and CDPHE s comments are presented in BOLD and are preceded by *Comment

U S Department of Energy (DOE) responses to comments are preceded by “Response * The
comment responses are divided into General and Specific comment responses for EPA and
CDPHE

Responses To EPA Comments
Comment- Section 3, EPA General Comment No 1

The reasonable maximum exposure (RME) scenario is a combination of three elements
(1) land use assumption, (2) exposure pathway combinations, and (3) exposure pathway
equation parameters that are an appropriate mix of values that reflect averages and
95th percentile values. The discussion of future land use in Technical Memorandum 2
includes a number of different land use scenarios but it is not cleor If the RME is a
combination of scenarios reflecting different development paitems for distinct parcels of
land or if it is DOE’s infention fo assume one RME scenario across the entire study area This
must be clarified The consideration of the use of all environmental media (soll, water,
sediment, air) on OU 3 should be consistent with the definition of the RME This is ciitical
because the RME is a basis for the remedial action (or no action) decision (see OSWER
Directive 9355 0-30)

DEN383.D0C 1 371095



<)

Response The Reasonable Maximum Exposure (RME) scenario consists of a combination of
land use assumptions and exposure parameters that are a mix of typical values and
upperbound (95th percentile) values and Is included in the aftached AddendumioTM2 A

Central Tendency (CT) scenario is aiso inCluded that uses average exposure parameter
values for the same land uses and exposure pathways only to assess the range of exposures

The attached Addendum to the Exposure Scenanos TM 2 contains additional information
regarding the RME and CT scenarios Tabiles A-1 to A4 of the Addendum contain the RME
and CT exposure parameters to be used in the HHRA.

Comment Section 3, EPA Géneral Comment No 2

The discussion of land uses of 1HSSs 200-202 shouid focus on the use of the waler as a
resource mwma«?oddnmmommmmuacmm
in the risk assessment The beneficial use of the water should be determined as well. The
fwdlmmwzmmmmmmmm This
Mdbomoaodbydseuliﬁagmm«unm.hpdumummdﬂnm
associated with the RME exposure scenario The discussion of the fulure use of Great Wesiem
Reservoir should include congideration of the use of the waler in the event the reservolr is not
permiited fo dry up Since the lond surrounding GWR is itkely fo be used for recreation or
open space, will the water be used in some compalible manner (I ¢, boating, fishing,

swimming)?

Response [t Is recognized that the treated surface water in Great Westemn Reservolr JHSS
200) and Standley Lake (HSS 201) is used as a drinking water supply However because no
chemicals of concemn (COCs) (DOE. 1994a) were identified in surface water for any of the
IHSSs, the HHRA will not charticterize risks for human receptors using the surface water in IHSSs
200 201 and 202 Therefore It is not necessary to expand the surface water medium
discussion for the HHRA.

Comment: Section 3, EPA Speciic Comment No 1

The following inconsistencies beiween the text and figures in Section 3 should be corrected:

a. On figure 3-8, the Wainut Creek drainage east of Great Westemn Reservoir is shown as
commercial/indusitial. The fext on page 24 siales that residential development is
projecled fo increase in this area.




b There is no indication of the Jefferson County Airport on figure 3-5 yet the text doesn’t
mention that the airport will no longer be there

¢ The area south of Church Ditch on the west side of Standley Lake is shown in
figure 3-4 as currently developed for residential use Figure 3-5 indicates that future
use will be for parks and open space This is inconsistent with the plans for
development of Standley Lake by the Standley Lake Task Force

Response a Although not indicated the land use in Figure 3-5 is classified as a
commercial/industrial/residential mix, therefore the statement that residences in this area are
expected to increase is comrect This figure will be revised for the HHRA to include the
residential mix land use classification

b The Jefferson County Airport was not shown specifically on Figure 3-5 because the figure
shows land uses based on county and city zoning projections not specific features of the
land The land use classification of commercial/industrial mix is used to represent the airport

¢ The figures will be revised in the HHRA 10 be consistent with the planned use for the area

Comment Section 3 EPA Specific Comment No 2

Pages 16, 17, and 18 of 30, Sections 3.1.2.4, 3.1.3.4. and 3.1.4.4. It is noted in these sections
that water from Mower Reservoir, Standiey Lake, and Great Westem Reservoir is being used

for irrigation of crops used for catlie grazing and horse boarding Alfalfa, wheat, barley,
com, and oats are aiso being produced in this area for consumption If water is being
directly drawn from these sources and used for irrigation purposes, contaminants couild be
taken up into plants and humans could be exposed either through direct ingestion of crops,
or ingestion of dairy products or meat Although it is noted that the water from these sources
meets federal and state drinking water standards, the information is lrelevant in a rdsk
assessment Because radionuclides and heavy metals are sequestered in sediments,
surface water samplings should duplicate the conditions of possible exposures. This will
likely invoive the resuspension of contaminated sediments.

Response In response to EPA s concem that surface water sampling should duplicate the
conditions of possible exposure the OU 3 RF/RI sampling efforts adequately characterize
sediments and surface water All water samples were collected for total and dissolved
metals The andlysis of total metals includes the resuspended sediments present in the water

DEN383.D0C 3 1095
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column Samples were ccllered from near shore exposed sediments and core sample
sediments from the reservolr bibttom i addition, grab sediment sampiS§aére collected
from the reservoir bottoms Becouse COCs were not identified in surface water for any of
the IHSSs (DOE 1994q) the Imgaﬁon pathway does not need to be assessed for inclusion in

the HHRA i

Comment- Section 3, EPA Speciic Comment No 3

Page 17 o030, Section 3.1.3. +hnohdhthmuclomhutmmymndbndocimn
take place at Standiey Lake The risk assessment must inciude ingestion of locally caught
Mmﬂmwduﬁammmmmmmm
with suface water and sediment

Response Because nho COCswate dentifled for surface water and sediment in Standiey 4
Lake (IHSS 201) (DOE 1994a), the HHRA wili not characterize risks for human receptors l :
ingesting fish from IHSS 201 Therefore it is not necessaty fo expand the discussion of

ingestion of locally caught fish for the HHRA  Additionailly Standiey Lake is stocked with [
subadultt fish for recreational fsherman. These game fish receive most of thelr diet from near

the surface of the water and do not routinely contact the sediment thereby, minimizing

exposure to humans ingesting.fish
Comment Section 4, EPA Gegerai Comment No. 1

Exposure pathways were eliminaled from further consideration without adequate
justiication. As an exampie, the kusiiication provided for the exclusion of ingestion of leaty
vegelables is contradiciory On page 10, it s acknowledged ihat this palhway conhbuted
the grealest risk in a residenticl exposure scenaro according fo the Past Remedy Report.
This indicates the imporfance of reassessing the riek using OU 3 Remedial investigation (R
data. As ancther exampie, the resulls of the Historicdl informalion Summary and Preliminary
Health Risk Assessment Repoit (HISPHRA) are not coneidered fo be adequate justificafion
primanlly becauss this document only considered exposure 1o piutonium. The OU 3 RI
program includes sampiing and analysis for TAL melais, a imiled number of pesticides,
volatiles, uranium, and amerdcium in surface waler and ssdiment. Theee substances differ
from piutonium in key physical and chemioal paramelers. Thersfore, the HISPHRA is not
adequaie jusiification for eliminaling exposure pathways.

DEN383.D0C 4 310095

- i
o e BB enTa —a ﬁizs‘jne;,x. e L el R sl o R s s



Response Potential land uses and associated exposure pathways have been refined based
on the COCs (DOE 1994q) identified for OU 3 These land uses/ exposure pathways are
described In the Addendum to TM 2 and include the following

Residential Land Use (HSSs 199 and 200)

Ingestion of surface soil/surface sediment
Inhalation of particulates

Demnal contact with surface soil/surface sediment
Extemal radiation

Ingestion of fruits and leafy vegetables

Recreational Land Use (IHSSs 199 and 200)

Ingestion of surface soil/surface sediment
Inhalation of particulates

Extemal radiation

Demal contact with surface soil/surface sediment

Ecological Research Land Use (HSSs 199 and 200)

Ingestion of surface soil/surface sediment
Inhalation of particulates

Demnal contact with surface soil/surface sediment
Extemal radiation

Commercial/Industrial Land Use (HSSs and 199 and 200)

Ingestion of surface soil/surface sediment
Inhalation of particulates
Dermal contact with surface soll/surface sediment

Extemal radiation

This list Is based on the COCs (DOE 1994a) that were identified for OU 3 Exposure pathways
were included only for those media with COCs

The most likely land use for IHSSs 199 and 200 is recreational, and therefore this scenario will
be quantitatively evaluated in the HHRA In addition the land use associated with the most
conservative estimates of risk (i e residential) will also be quantitatively evaluated in the

DEN383.DOC 5 3/10/95



HHRA The commercial/! worketondecologlcdraaemdmrMMno’rbe
quantitatively evaluated in the HHRA However t is assumed ks for thosé hersenarios wil
be less than risks ossoclatedlLth the residential scenario The HHRA will include a qualitative
discussion of the dermal expsure pathway for the residential and recreational exposure
scenanos

i
i
i

!

Comment* Section 4, EPA General Comment No. 2

The elimination of exposure pathways fom consideration based on a comparison on non-Ri
data fo potential ARARs (e.g,, discussion on page 18 regarding the ingestion of surface
waler) is inconsistent with ihé National Contingency Plan The preamble on page 8709
m.mmdmbmmmdmmmm The
identification of ARARs is a separate part of the Ri, because many ARARs are not directty risk
reialed. ARARs generally do not provide an adequate basis on which 1o determine site
lbks,wmehmcunploum?omneumbomnammﬂ because
these standards are esiablishied on a national baals, they may not adegquately consider the
site specific confamination dr the cumulalive efiect of the presence of mulfiple exposure
pathways and, therefore, aie not the sole determinant of proleciiveness.”

Response ARARs were not used to eliminate exposure pathways. Exposure pathways have
been eliminated (e g ingestion of surface water) based on the COCs (DOE, 1994a)
identified for OU 3

i

Comment: Section 4, EPA Speciic Comment No. 1

Page 7 of 37, Section 4.4.1. Ingestion of homegrown frulls, vegeiables and beef shouid be
included in the risk assessment for several reasons. First, as it noted in the discussion of land

use, considerable areas in OU 3 are not only zoned agriculiural, but are currently being used
for this puspose  Crop produtiion and grazing am the main aclivities. Moreover, the area is
mlmmmmmmmmmmwammummm
confominated. mmbmm'dmwmmm
are cumrently ingesting hormagrown vegeiabies, suggesiing this is a compiete pathway
Third, although I is corect thot radionuciides are not readily taken up by plants, heavy
mefais are For hese reasons, ihese pattways should be included in the risk assessment and

at least qualitaiively discusesd.




Response The agncuttural land use scenano was considered However based on the
identified AOCs (DOE 1994b) and the deed restrictions and zoning in the AOCs an
agricultural land use scenario 1s not expected for IHSS 199 A residential exposure scenario
Including ingestion of fruits and vegetables has been identified for Great Westem Reservoir
because of the uncertainty associated with the future use of this reservoir In addition the
residential scenano including ingestion fruits and vegetables will be evaluated for IHSS 199

Comment- Section 4, EPA Specific Comment No 2

Page 23 of 37, Section 4.4.4 The rationale presented for not considering the exposure of
office workers quantitatively is unacceptable and is inconsistent with previous Rocky Fials
human health technical memoranda for OU 1 and OU 2 Furthermore, it conflicts with EPA
guidance in OSWER Directive 9285 6-03, Human Heatth Evaluation Manual Supplemental
Guidance “Standard Default Exposure Factors ” The exposure of future office workers to
contaminants within OU 3 must be quantitatively evaluated

Response The most likely land use for IHSSs 199 and 200 is recreational and therefore this
scenario will be quantitatively evaluated in the HHRA In addition the land use associated
with the most conservative eshmates of risk (i @ residential) will also be quantitatively
evaluated in the HHRA The commercial/industrial worker and ecological researcher
scenarios will not be quantitatively evaluated in the HHRA However It is assumed risks for
those two scenarios will be less than risks associated with the residential scenario

Comment Section 4, EPA Specific CommentNo 3

Include the following exposure pathways in the quantitative baseline risk assessment for
ou3

Residential Scengrio,

Ingestion of homegrown fruifs
Iingestion of leafy vegetables
Ingestion of homegrown meat products
*Demal contact with surface water and sediment
ingestion of surface water
Ingestion of surface water while swimming

DEN383.DOC 7 31095




mmmcybomw Although they are compiele, It is likely that
relative 1o other pathways, they present low risk.

Response The potential exposure pathways for OU 3 based on identification of COCs (DOE,
19940)oreustedhﬂ\emq;\set089cﬂon4 EPA General Comment No 1 The exposure
scenarios that will be quantitbtively evaluated in the HHRA are aiso described in the
response ;

Comment: mammmrq

10. An inhalation rate of 0.83 cublc -

mdﬂlhour(cummnbmdcmmmm.mmmm 1
for adults. However, 1.28 cu m/hr is the upper bound value Use of a deposition factor is
inappropriate

matrix effect facior should not be used uniess slte-specific informatlion is availlable. The
averaging fime for non-odecinogens should be equal fo the exposure duration.




31

1 year The use of a deposition factor is inappropriate for the commercial worker
Deposition factors are taken into account during the development of the RIC or
inhalation slope factor when pharmacokinetic data is present

4 Tabl il Ingestion, Recr: nal Scengrio The soll ingestion rate of
25 milligram/event (mg/event) for children and 50 mg/event for adults should be
changed to 200 and 100 milligram/day (mg/day) for children and adulls, respectively
The matrix effect factor shouid be eliminated The exposure frequency listed in the table
should be changed to 100 days/year The exposure duration shouid be 30 years The
noncarcinogenic averaging time should be 30 years

, Ingestion of sediments should
be included along with surface water The matrix effect factor should be deleted from

R e

the analysis An exposure duration of 30 years should be used Exposure via ingestion of
sediments should aiso be quantified for adults to be consistent with the rest of the

recreational scenarios

able ] R ‘ An exposure frequency of
7 eventis/year should be used The exposure duration should be 30 years.

3k , ; _ . It is unnecessary to evaluate
children separately An exposure fime of 3 hours/day should be used. An exposure
frequency of 100 days/year should be used A deposition factor should not be included

Response Table 2 in the attached Addendum 1o the Exposure Scenario TM 2 presents the
exposure scenarios and exposure pathways for evaiuation in the OU 3 HHRA The exposure
parameters for use in the HHRA are presented in Appendix A of the Addendum Both
upperbound exposure parameters (used to characterize the RME scenario in a baseline risk
assessment) and CT exposure parameters (used to characterize the typical case) will be
used in the HHRA to assess the range of potential exposures

Responses To CDPHE Commenis
Comment- CDPHE Comment No 1
Section 2.2. The second paragraph in this section misinterprets the purpose of the OU 3

investigations These investigations are to assess the risk of exposure to potential
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contamination within OU 3 Regardiess of where this conamination may have Giginated,
the contaminated media in DU'3 are now themseives consicdered potential sources of
confamination. in addition, the “RFP is no longer a source of confamination,” and
“wnﬁmwﬂmsdmonl?mwaummmm."mmm :

Response The second \ in Section 2 2 differentiates OU 3 from the other OUs in
that no operations were conducted in OU 3 - any contamination in OU 3 Is a result of
envlronmentdtronsportmifmockyl:lcts The risk of exposure will be assessed for chemicals
found at concentrations exdeedhg background levels (DOE. 1994a. CDPHE/EPA/DOE, 1994,

DOE, 1993) |

Thesecondaenfence(‘RFPénolongeraseusceofconthhaﬂon" “) will be deleted from
this paragraph However there are no known sources cumrently contfributing contamination
toOU 3

Thesfctement‘cunenfopmiﬁomatfhe RFP meet afl state and federal standards” should
read “the current operations at the RFETS meet all state and federal emissions standards *

Comment: COPHE Comment No. 2

bl

Section 3.0: it is unclear wha popuications in Seciors 2 and 3 are not projecied fo increase In
Tdablmdhﬁmh:nd# Seclions 3.2.1 1, 3.2.3 1, and 3.2.4.1 all meniion polential

residential development justieast of irviana Sireel.

Response Sector2fdbehi1ﬂ$eRFETSboundorymdmepoptnaﬂonlsnofemecfedfo
change within these sectors ' However east of indiana Sireet, the popuiation in Sectors 3 and
higher are projected fo increcse

Comment: CDPHE Comment No. 3

Section 3.1.1.4. More detall should be provided on the gardening habils of residents who live
in agriculiural setlings before dismissal of ihis polential exposure pathway

Response See Response to $ection 4, EPA Specific Comment No 1




G

Comment COPHE Comment No 4

Section 31 4.4 Since “Mower Reservoir water is used to irgate the pasture iand and water
the livestock of the farmer who owns it,” a current agricultural use scenario shouid be
assessed if the homegrown beef makes up a significant portion of this farmer’s diet If so, this
possibllity needs to be researched, and the infake calculations performed

Response The potential exposure pathways related to agricultural use were considered
However based on the identification of COCs (DOE 1994a) no COCs were identified for
surface water or sediment in Mower Reservorr Therefore the exposure pathway is not
complete and will not be assessed

Comment- CDPHE Comment No §

Section 3.2.1.4 To assess the probability of future agricuttural land use, DOE has relied on
county zoning projections and appears not {o have consulfed current land owners. For
exampile, Bini Abbott and her husband intend fo continue farming, and their daughter may
continue after they relire

Response The fruit and vegetable ingestion pathway will be evaluated for IHSSs 199 and 200
under the residential scenario

Comment- CDPHE Comment No 6

Section 3.2.2.3 The Fulure/Open Space Land Use scenario shouid also consider demal
contact with water and sediment occurring during activities such as swimming, boating, and
hiking

Response The HHRA will inciude a qualitative discussion of the dermal exposure pathway for
contact with surface sediment in Great Westem Reservoir for the recreational and residential
exposure scenarios No COCs were identified for sediments and surface water in Standley
Lake and Mower Reservoir or in surface water in Great Westemn Reservoir (DOE 1994q)
Therefore there Is not a complete exposure pathway for dermal contact with surface water
and sediments in Standley Lake and Mower Reservoir or for surface water in Great Westem

Reservolr
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Comment CDPHECanm+1!No 7

Section 4.2.1° Rofm%addbodhdfaihodoeuﬂmon‘pm&of“cﬂonld
mamwmmmnmmamwmm
uplake rafes. Oxidized fohs of piutonium can solubiiize fo a limiied extent and-can be
absorbed, particularly by #ie roofs of crops (Gariand ef ol , 1981, J. Agric Food Chem
29915-920) mmummmnwobmrmmmmmm ’

the roots, but higher of soluble piutonium (ATSDR Toxicological profile for ,
Plutonium, Dec. 1990), some mobiiily in plants, though Adriano et al. (Transuranic i
elements in the W, Ec: W Hanson, Tech info. Center, USDOE/TIC-22400, 1960)

mmmawmmmm&mmm
nmmwmmmmmmmuﬂuuw
cmmamm@dmmmcmmmmmmmm
mcmmmmtwjauwwmmmm1m Sulivan of ol. (1980)
(referenced in ATSDR Toxicqlogical profile for Piutonium, Dec. 1990) reported that rodents
WMWM*WWMMMQMMWMWﬂ
than when it was adminisiesed in the inorganic form  Thus organically-bound plulonium may
be more bicavaliabie than inorganic piutonium. For theseteasons, oot upiake of
mwmm&mmmwmdmwu
these plants by humans should be evaluated

i
Response A more detalled.discussion of the physical and chemical properties affecting
wmwnmofmwmwmmmm See
response fo Section 4, EPA Specific Comment No 1 for a discussion of the fruit and

vegetabie ingestion pathway

[

Comment: CDOPHE Comment No. 8

Section4.2.1 1t is not clear why ingestion of homegrown leafy vegetabies would be
eliminated as a palhway for the fulure residential scenaric when this pathway coniribuled
the greatest fisk at a set soll concenration of 1 pCY/g In the Final Past Remedy Report
Because I was the major poithway, elimination of this pathway doss not seem jusiified, even
given the arguments that piytonium does bioconcentzate of is nat faken up by piants 1o any
great extent Moreover, simply because not many gardens exist in OU 3 now, does not imply
that the inlake of garden produce in the fulure shouid not be assessed.




y

Response The fruit and vegetable ingestion pathway will be evaluated for IHSSs 199 and 200
under the residential scenario

Comment- CDPHE Comment No 9

Section42 2 In the middie of page 16 of Section 4, “Subsection 4 1 1 1” is referenced, but
no such seclion exists in this technical memorandum

Response The reference to “Subsection 41 1 1” should be changedto 421
Comment: CDPHE Comment No 10

Section 4 2.2. Demal exposure {0 sediments and surface water are shown as potential
pathways in Figures 4-3 and 4-4, these pathways should be assessed

Response See Response to CDPHE Comment No 6
Comment- CDPHE Comment No 11

Section 4.2.3 This paragraph should state that the exposure fo extemal radiation pathway
will be assessed

Response Exposure to extemal radiation will be assessed quantitatively In the HHRA
Comment: CDPHE Comment No 12

Section 4.3.4. The impacts of Rocky Flats on the existing small cattie herds and their owners
should be assessed DOE needs fo provide evidence that the owners of these herds do not

eat a significant amount of homegrown beef before dismissing this possibility

Response Cumently no cattle herds exist in the AOC:s just east of indiana Street  Based on
deed reshictions and the most likely anticipated future use (e recreational) no cattie
herds are expected to exist in the AOCs Local residents will be interviewed conceming
number of cattle in the area and the sources of feed for the cattle (ie local vegetation or
commercially-supplied feed) to verify eliminating the homegrown beef ingestion pathway
from the HHRA

DEN383.D0C 13 371095




Comment CDPHE CchruNo 13

Section 4.4.4. In addiiion, the office worker receptor should not be eliminated since that
receptor provides a way 1o ook at long-term exposures. Office workers should be assessed
for inhalation of soll particies in air, extemal radiation, and ingestion of soil and
indoor dust '

!

Response See ResponseiloSecﬂonA EPA Specific Comment No 2
Comment CDPHE Commént No. 14

Section 4.4.7 Thodoﬁiﬂohotahmlyfa:mbtoohuhg Because a farmer is not totally
sdlclonldounotmohlmthomdhbbnlydondgdwmd. Thocopooplo
mebmmmqanmmmubmdmmwmmomm

Response The frult and vagetable ingestion pathway will be quantitatively evaluated in the
HHRA under the residential scenario Aiso see Response to CDPHE Comment No 12

Comment: CDPHE Comment No. 15

Section 452 The possibly that the reservoir will be drained and be developed or used for
recreational purposes means that inhaiation, ingesiion, and direct dermal contact with
deeper sediments as well ds surface sediments should be assessed for the fulure residential
and future commercial/indusiial scenarios. Since buliding construction Is possible, a
construction worker scenafio shouid be assessed. if the reservolr is not drained, dermal
confact with water and sediments would become a viabie pathway

Response: The potential exposure pathways inltially under consideration are included in the
Response to Section 4, EPA General Comment No 1 Based on the identification of COCs
(DOE. 1994a) and the uncertainty associated with the fulure use of Great Westem Reservoir
exposures to surface sediments by a resident or recreator in the drained Great Westem
Reservoir will be assessed in the HHRA. No COCs were identifled for subsurface sediments in
Great Western Reservoir using a PRG screen based on a construction scenario (DOE, 1994a)
in addition, no COCs were identified for surface water for Great Westermn Reservoir (DOE,

19940)




Comment: COPHE Comment No 16

Section 4.5 4 Direct dermal contact with sediments should be included in the future
commercial/industrial scenario

Response The HHRA will include a qualitative discussion of the dermal exposure pathway for
contact with surface sediment in Great Westem Reservoir for the recreational and residential

exposure scenanos
Comment- CDPHE Comment No 17

Sections 4.5.5 and 4.5.6 Direct dermal contact with water and sediments should be assessed
for current and future recreational exposure scenarios

Response See Response fo CDPHE Comment No 6
Comment- CDPHE Comment No 18

Section 4.6 Direct dermal contact with water and sediments should be included in cument
and future residential and recreational scenarios and in the future commercial/industrdal

scenario

Response See Response to CDPHE Comment No 16 Demmal contact with surface water
will not be evaluated in the HHRA because no COCs were identified for surface water in any
of the 1HSSs (DOE 19940)

Comment CDPHE Comment No 19

Section 4.6.7 Sée Comment No 24 on agricultural scenario above

Response See Response to CDPHE Comment No 14

Comment: CDPHE Comment No 20

Section 5.2: The final senfence on page 5 should refer to Tables 5-1 through 5-8

Response The reference fo Tables 4-1 through 4-8 should be changed to Tables 5-1 to 5-8
The exposure parameter information contained in these tables is now included in Tables A-1
to A-4 of the Addendum 1o the Exposure Scenarios TM 2
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Comment” CDPHECGW+"NO. 21

Igbles 5-1, 5-2. and 5-8' The assumpltion in these fables that 25% of inhaled particies are
doposﬂodhlholungspoqubtm However, deposition can also occur in other paris of ihe
respiratory fract and exertihedlth effects. Moreover, the same fable in the same shudy that
mu%mommbommmxdmmmmmmw
wmqmum{mumqmﬂymodmdmwmwam 1985)
mmmm«.mmmmmam
wndmmemmmmmmh7m A wide
varlety of sources indicatd that 25% is 100 low a value for depositional fraction These
|mmmmwMMMdmmm&(&w-m 1985), The
Infemational Commission bn Radiological Profection (ICRP, 1980) study which siales that for
aerosols with a mean cerddynamic diameter between 0.2 um and 20 um, the sum of the
fractions deposited in the regions of the respiratory fract varies from about 60% fo 90%,
and the USEPA’s second atidendum fo air qualily criteria for particulate mafier and sulfur
oxides (EPA/600/8-86-020( 1982) If applied at all,  value of 78% is recommended.

Response One-hundred percent of the respirable fraction (PM10) is assumed to be
deposited in the ung me!ﬁve-yocr(l988-1992)memamdraﬂoofPMm sofl or dust
particies fo fotal suspended particles (T15P) s 0 36 the maximum ratio of PM,, to TSP is 0.46
(1992 RFP Stte Environment Report, DOE, 1992). These values will be used to calcuiate
exposure point concentrations for the inhalation pathway (0 36 for the CT and 0 46 for the
RME) See Table A-2 in the Addendum fo the Exposure Scenarios TM 2

Comment- CDPHE Commaent No. 22

Tables 5-5 and 5-6. The bady weight listed in this table is inappropriale for 7 o 18-year old
children and adolescents. The mean weight recommended for this age group (males) in
EPA's Exposure Factors Handbook is between 23 and 65 kg. It is not clear why DOE decided
fo assess the 7 10 18-year-oid age group for sediment ingesiion using a soll ingestion rale that
bmmambryegt!gm it is cleo not clear why younger chiidren (< 7 ysars)
are not being assessed, sirice this group is the one with the hand-fo-mouth behaviors that
contribute fo s designatioh as a sensitive populalion, and since It is questionable whether
many 18-year olds spend & iot of time playing in Creeks where they would be exposed fo
sediments. mwwdummmmmmam




people does not mean that they would not play in sediments or shallow water DOE shouid
assess the exposure rate for young children (< 6 years), and should use the appropriate
ingestion and demal contact rates for that age range

Response The body weight for adolescents has been revised based on standard U S EPA
guidance Tables A-1 to A4 of the Addendum to the Exposure Scenarios TM 2 contain the
exposure parameters for each potential exposure pathway The sediment ingestion rate
while not indicative of adolescent activity pattemns was chosen as a conservative upper
bound estimate The value may be adjusted to account for activity patteiis more specific
to that age group Adolescents were selected because of their mobility and independent
activity outside of their place of residence Thus they would constitute the most viable
population for potential exposure However the age group of 0 to 6 years will be evaluated
relative to inadvertent ingestion of soil and surface sediment This will require the assumption
that a resident uses the drainages for recreational purposes and allows infants and small
children access to those recreational opportunities

Comment- CDPHE Comment No 23

Tgble 5-8 Please describe the activily assumptions that were made fo caiculate the RME
inhalation rate for a child in this fable

Response A RME inhalation rate for an adult of 0 83 m3/hr and a CT inhalation rate of 0 63
m3/hr will be used in the HHRA to address the inhalation exposure pathway These rates are
based on moderate activity levels (EPA. 1991a and 1991b) See Appendix A, Table A-2 of
the Addendum to the Exposure Scenarios TM 2 for additional information
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